The effect of dietary phytase and the prebiotic inulin on apparent mineral digestibility, bone mineralization, and tissue mineral contents was evaluated in weanling and growing pigs. In Exp. 1, inulin and phytase were incorporated in a 2 × 3 factorial arrangement of treatments with 8 replicate pens per treatment in a randomized complete block design. There were 2 levels of phytase [0 and 1000 phytase units (FTU)/kg] and 3 levels of chicory inulin (0, 3, and 6%). Weanling pigs (17 d of age; 5 or 4 pigs per pen) with an initial BW of 6.0 ± 0.6 kg were evaluated for 35 d postweaning. Macromineral digestibility was calculated using chromic oxide as an index in fecal samples collected during the fi nal week of the experiment in replicates 1 through 4. On d 36, 1 pig per pen was killed and the heart, liver, kidney, and left tibia were excised and weighed. Inulin did not have any effect on growth performance measurements. Phytase increased (P < 0.05) BW on d 35 and ADG and ADFI during the 21-to-35-d and 0-to-35-d periods. Inulin did not result in increased tissue mineral concentrations on a per unit (mg/kg) or total tissue basis. Phytase increased (P < 0.05) the concentration of Zn in the liver, Mn and Zn in the heart, and Mg and Mn in the kidney. Phytase also increased (P < 0.05) total P, Mg, S, Mn, Se, and Zn in the liver as well as tibia ash. Phytase increased the digestibility of Ca (P < 0.01) and P (P < 0.05). Experiment 2 was conducted with growing pigs (initial BW, 41 ± 5 kg) to evaluate 2 levels of inulin (0 or 6%) and 2 levels of phytase (0 or 1000 FTU/kg) in a 2 × 2 factorial with 6 replicates in a randomized complete block design. Total urine and feces were collected for 10 d from each of 24 barrows after a 21-d acclimation period. Inulin inclusion resulted in reduced Ca digestibility (P < 0.05). Phytase increased (P < 0.05) the digestibility of both Ca and P. These results indicate that dietary inulin does not affect the overall mineral status or growth performance of pigs, whereas phytase increases the utilization of Ca and several microminerals, in addition to P, and also increases growth performance. Inulin and phytase do not appear to interact to affect pig growth or mineral status.
INTRODUCTION
Prebiotics are complex carbohydrates that are not digested by mammals but are fermented by microbes in the intestinal tract of the host animal. Specifi cally, a prebiotic selectively enhances the growth of microbes that ultimately benefi t the host (Gibson and Roberfroid, 1995) . Although the entire digestive tract is colonized with microbes, the species and populations differ along the digestive tract with some prebiotics affecting the fermentative activity of bacteria and yeast in different locations in the cecum and colon .
Fructooligosaccharides (FOS) are prebiotics comprised of fructose polymers (β-D-fructan chains) that are classifi ed by their degree of polymerization. Oligofructose contains fewer than 9 fructose residues, whereas inulin contains between 9 and 60 fructose residues (Gibson and Roberfroid, 1995) . Fructooligosaccharides are prebiotics because they selectively promote Bifi dobacteria and Lactobacillus, both of which are considered benefi cial to the host (Gibson and Roberfroid, 1995; Reid, 1999; Tako et al., 2008) . There is some evidence that FOS may increase the utilization of Ca, Mg, Cu, Fe, and Zn in rats; however, FOS effects on P metabolism are more variable (ScholzAhrens and Schrezenmeir, 2007) .
Because of the effects on rats, the current experiments investigated any possible effects of inulin on mineral metabolism in pigs, especially P, because of its environmental importance (Ferket et al., 2002) and presumed variability. Phytase is an enzyme added to the diet that increases the availability of P and other minerals by the hydrolysis of phytate. Thus, the interaction between phytase and inulin was also investigated. Many bacteria have phytase activity (Selle and Ravindran, 2008) , and the gut may be a site for P regulation (Liu et al., 2000; . Thus, the combined effects of inulin and phytase may have a positive effect on mineral balance. In an effort to reduce the amount of minerals in swine waste, the combination of dietary phytase and inulin on the digestibility and retention of macro-and microminerals in weanling pigs (Exp. 1) and the digestibility of macrominerals in growing pigs was investigated (Exp. 2).
MATERIALS AND METHODS
The protocol for experimental use of animals was approved by the University Animal Care Committee at The Ohio State University.
Treatments and Diets
Exp. 1. This experiment evaluated the effects of dietary inulin and phytase on growth performance and mineral utilization over a 35-d postweaning period. Six treatments followed a 2 × 3 factorial arrangement with 2 levels of phytase [0 and 1,000 phytase units (FTU)/ kg] and 3 levels of chicory inulin (0, 3, and 6%). Inulin (Beneo-Orafti, Morris Plains, NJ) and phytase (DSM Nutritional Products, Basel, Switzerland) were added to treatment diets at the expense of cornstarch. A maximum inulin inclusion rate of 6% was used because greater amounts were previously reported to reduce feed intake (Rideout and Fan, 2004 ). Because we were evaluating major mineral utilization, diets were formulated to contain less Ca (0.60%) and total P (0.50%) than the NRC (1998) requirement for this stage of development.
Complex nursery diets contained a corn and soybean meal mix with added dried whey, plasma proteins, and soy protein concentrate (Table 1) . Pigs were fed in 3 phases: 0 to 7 d, 7 to 21 d, and 21 to 35 d postweaning. Calcium carbonate (chalk) and dibasic Na phosphate were used as Ca and P sources because they contain reduced concentrations of ancillary trace minerals compared with limestone and dicalcium phosphate (NRC, 1998) . Between d 21 and 35 postweaning, chromic oxide was included in each treatment diet at 0.20% to serve as an indigestible marker.
Exp. 2. This experiment evaluated the effects of inulin and phytase on mineral digestibility in growing 9 Trace mineral premix provided per kilogram diet (Exp. 1): 6.0 mg Cu (sulfate), 100.0 mg Fe (sulfate), 0.14 mg I (KIO 3 ), 4.0 mg Mn (oxide), 100.0 mg Zn (sulfate), and 0.30 mg Se (Na 2 SeO 2 ).
10 Trace mineral premix provided per kilogram diet (Exp. 2): 6.0 mg Cu (sulfate), 80.0 mg Fe (sulfate), 0.14 mg I (KIO 3 ), 4.0 mg Mn (oxide), and 80.0 mg Zn (sulfate).
11 Se premix provided 0.3 mg Se/kg feed as Na selenite.
12 Chicory inulin (Beneo-Orafti, Morris Plains, NJ) added at 0, 3, or 6% of the total diet.
13 Provided 1000 FTU phytase/kg (Ronozyme, DSM Nutritional Products, Basel, Switzerland).
pigs. Four treatments were tested in a 2 × 2 factorial arrangement with phytase (0 or 1000 FTU/kg) and inulin (0 or 6%) added at the expense of cornstarch. Calcium and P were 0.40% Ca and 0.35% total P, which are slightly less than NRC (1998) requirements for this stage of growth (Table 1) .
Animals and Procedures
Pigs used in both experiments were the progeny of Yorkshire × Landrace females and PIC 280 boars (Birchwood Genetics, West Manchester, OH). All pigs were housed at The Ohio State University Swine Center.
Exp. 1. At weaning (17 d), pigs with an initial BW of 6.0 ± 0.6 kg (mixed sex) were allotted to the 6 dietary treatments. Pigs were blocked on the basis of BW and day of weaning (8 total replicates). Each nursery pen contained either 5 (replicates 1 through 4) or 4 (replicates 5 through 8) pigs. Pens had plastic slotted fl oors, 1 stainless-steel nipple waterer, a 6-hole stainlesssteel feeder, and 1.875 m 2 of total fl oor space. Initial temperature in the nursery was set at 32 o C and lowered during the trial to maintain the comfort zone of the pigs.
Pigs were weighed at weaning and on d 7, 21, and 35 postweaning. Feed for each phase was provided ad libitum, and total feed disappearance was calculated for each phase. Fecal samples were collected once daily from d 29 through 35 and pooled by pen in replicates 1 through 4. These samples were freeze-dried, ground, and analyzed for their mineral content. Macromineral digestibility was calculated using chromic oxide as an indigestible marker. Mineral digestibility was determined using the index method reported described by Adeola (2001) .
After a 16-h fast on d 36, the pig weighing nearest the pen mean for each pen was electrically stunned and killed by exsanguination, whereupon the liver, heart, left kidney, and right tibia were excised. Soft tissues were freeze-dried, ground, and analyzed for mineral content, whereas tibias were cut into small pieces, defatted, dried, and analyzed for bone ash.
Exp. 2. Growing barrows (n = 24) had an initial BW of 41 ± 5 kg. Pigs were blocked by BW and allotted to 4 dietary treatments. Each treatment was replicated 6 times. One animal that had been fed 0 phytase and 6% inulin died within the fi rst 3 d of the trial.
Barrows were housed in metabolism crates and were fed twice daily at 0800 and 1630 h. Pigs were acclimated to test diets and their environment for 21 d before sample collection, which lasted 10 d. Pigs were fed an equal amount of feed within replicate. The daily amount was based on the feed intake of the pig with the smallest appetite within replicate. The amounts remained constant for the last 3 d of the acclimation period. Because of the long acclimation period and the consistency of the daily feed amounts, markers were not used in this experiment. Water was provided in the feeders after meals to satisfy the water requirements of the pigs.
The collection period for feces and urine started at 0800 h on d 22 and lasted until 0800 h on d 32. Twenty mL of 10N HCl acid was added at the beginning of each 24-h urine collection. Total urine excretion was recorded daily, and an aliquot was collected. The urine aliquot equaled 5% by volume of the previous 24-h urine output and was pooled by pen across days. All feces were collected and pooled across days for each pig. Urine and feces were frozen (−4°C) between collections. Pooled feces were mixed in an industrial mixer (Hobart Corp., Troy, OH), sub-sampled, freeze-dried, and ground. Feces and urine were analyzed for mineral concentrations. Mineral digestibility was determined using the quantitative feed and feces method described by Adeola (2001) .
Sample Analysis
Whole hearts, kidneys, and 1 lobe of the livers collected in Exp. 1 and the fecal subsamples from Exp. 1 and 2 were frozen (−4°C) and later freeze-dried (Freeze Drier 5, Labconco, Kansas City, MO) and ground (Commercial Blender, Model WF2211212, Waring, Torrington, CT) for mineral analysis.
Treatment diets, heart, liver, and kidney samples were analyzed for Ca, P, Mg, Fe, Cu, Mn, and Zn using inductively coupled plasma (ICP) spectrophotometer (PS 3000, Leeman Labs Inc., Hudson, NH) technology (AOAC, 2000) . Urine and feces were analyzed for Ca, P, Mg, Na, and S using ICP. Diets and feces from Exp. 1 were also analyzed for Cr by ICP. Selenium content of the diets and tissues was determined after wet-ashing in nitric and perchloric acid using the fl uorometric method (AOAC, 2000) . The mineral concentrations of tissues were calculated on a wet-tissue weight basis, whereas mineral concentrations of diets were calculated on an as-fed basis.
Tibias from Exp. 1 were frozen (−4°C), cut into quarters, and dried in a gravity convection oven (Model 27, Precision Scientifi c Group, Chicago, IL) at 80°C for 48 h. Fat was extracted (AOAC, 2000) , and fat-free bones were dried for 24 h before being ashed in a muffl e furnace oven (Model FA 1740, Thermolyte, Dubuque, IA) at 550°C.
Statistical Analysis
Statistical analyses were conducted using SAS (SAS Inst. Inc., Cary, NC). Variables with P ≤ 0.05 were considered signifi cant. Data from Exp. 1 were analyzed using a randomized complete block design with the pen as the experimental unit. Growth performance data were analyzed as repeated measures data using PROC MIXED of SAS with the model:
where Y is the dependent variable, μ is the grand mean, r i is the random effect of the ith replicate (i = 1,…,8); I j is the fi xed effect of the jth inulin level (j = 1, 2, 3); P k is the fi xed effect of the kth phytase level (k = 1, 2); D l is the fi xed effect of lth day postweaning, (l = 1, …, 4); ID jl is the interaction effect of the jth inulin level and the lth day postweaning; PD kl is the interaction effect of the kth phytase level and the lth day postweaning; IPD jkl is the interaction effect of the jth inulin level, the jth phytase level, and the lth day; and ε ij is the residual error. Correlation matrices of experimental units over d were selected to minimize Bayesian information criteria (Milliken and Johnson, 2009) . For data other than growth performance, a model without d or its interactions was used. Data from Exp. 2 were analyzed as an incomplete randomized block because of the death of 1 pig. The individual pig was the experimental unit. Data were analyzed using PROC MIXED of SAS using the model:
where μ is the grand mean, r i is the random effect of the ith rep (i = 1, …, 6), I j is the fi xed effect of the jth inulin level (j = 1, 2), P k is the effect of the kth phytase level (k = 1, 2), IP jk is the interaction effect of the ith inulin level of and the jth phytase level, and ε ijk is the residual error. Treatment means were separated using Fisher's protected LSD for variables having a signifi cant interaction effect (P ≤ 0.05).
RESULTS

Growth Performance
There were no inulin × phytase interactions for growth performance responses in Exp. 1 (Table 2 ). Inulin at 3% or 6% of the diet had no effect on pig BW, ADG, ADFI, or G:F in any period. Although there was a numerical performance benefi t to added phytase, it did not affect growth performance during the fi rst 21 d postweaning. However, phytase increased ADG (P < 0.01) and ADFI (P < 0.01) during the 21 to 35-d period. Phytase also increased ADG (P < 0.01) and ADFI (P < 0.05) over the entire 35-d trial, resulting in a greater (P < 0.01) BW on d 35 compared with pigs fed diets containing no phytase. Postweaning days affected ADG (P < 0.01), ADFI (P < 0.01), and G:F (P < 0.01). The diet × day interaction also had an effect on ADG (P < 0.01) and ADFI (P < 0.01). This interaction occurred because the differences between diets increased as the trial progressed (i.e., the effect of diet changed over time).
Tissue Mineral Composition
Liver. Neither inulin nor the inulin × phytase interaction affected liver weights or mineral composition (Table 3 ). Phytase increased (P < 0.05) liver weights on a total basis but not when expressed as a percent of live BW.
When expressed on a per-unit wet-tissue basis (mg/ kg), the concentration of Zn was greater (P < 0.05) when phytase was added to the diet, but the concentrations of other minerals were not affected by the addition of phytase. However, when expressed on a total liver basis, phytase was associated with increases (P < 0.01) in macrominerals P, Mg, and S, as well as microminerals Mn, Se, and Zn.
Heart. The inulin × phytase interaction was not signifi cant for heart weight or heart mineral composition (Table 4) . Neither inulin nor phytase affected heart weights. Inulin did not affect the mineral concentrations of the heart. Phytase increased (P < 0.05) heart concentrations of Mn and Zn. When expressed on a total heart basis, neither inulin nor dietary phytase affected mineral content.
Kidney. There were no inulin-by-phytase interactions for kidney weights and kidney mineral concentrations (Table 5 ). Kidney weights were not affected by inulin or phytase. Inulin did not affect the relative mineral composition of the kidney. Phytase, however, did increase (P < 0.05) Mg and Mn concentrations. Similar to that of the heart tissue, the total mineral content of the kidney was not affected by either inulin or phytase.
Tibia. The inulin × phytase interaction was not statistically signifi cant for any of the tibia measurements (Table 6 ). Inulin affected neither tibia weight nor percent bone-ash content. Phytase reduced (P < 0.05) tibia weight on a percent BW basis, although phytase increased (P < 0.05) total dry, fat-free tibia weight. Phytase also increased (P < 0.01) percent tibia ash and total ash weight.
Mineral Digestibility
Exp. 1. There were no inulin × phytase interactions for any macromineral digestibility values (Table 7) . Inulin had no effect on the apparent digestibility of Ca, P, Mg, K, Na, or S in weaned pigs. Phytase, however, increased the digestibility of both Ca (P < 0.01) and P (P < 0.05).
Exp 2. Inulin increased (P < 0.05) total fecal output (DM basis) over the 10-d collection period by approximately 14% (data not shown). There were no treatment differences in feed consumption or fecal % DM (data not shown).
There was an inulin × phytase interaction for Ca, K, and P (Table 8 ). The fecal output of Ca and K was greater for pigs fed inulin than those not fed inulin when phytase was included in the diets. When phytase was not included in the diets, there was no difference in fecal Ca or K between pigs fed diets with or without inulin (inulin × phytase, P < 0.05). In contrast, no difference between pigs fed inulin and pigs not fed inulin was observed for urinary P when phytase was in the diets. However, urinary output of P was less for pigs fed inulin than for pigs fed no inulin when no phytase was in the diets (inulin × phytase, P < 0.05).
Inulin inclusion resulted in greater (P < 0.05) fecal Ca than when no inulin was in the diet, thus resulting in a reduced Ca digestibility (P < 0.05). Inulin also resulted in an increased (P < 0.05) urinary output of Mg compared with no inulin in the diet, but inulin did not affect overall Mg balance. Inulin increased (P < 0.05) fecal S loss, which resulted in a reduced (P < 0.05) S digestibility. Inulin did not affect P, Na, or K balance.
Dietary phytase resulted in less (P < 0.05) urinary and fecal Ca output, which increased Ca digestibility (P < 0.05). There was less (P < 0.01) fecal loss of P with dietary phytase, which resulted in an increased P digestibility (P < 0.01). Phytase resulted in reduced (P < 0.05) urinary and total S output.
DISCUSSION
One of the main objectives of this research was to study the combined effects of inulin (to enhance microbial stability) and phytase (to increase mineral availability) on the digestibility and deposition of dietary minerals. We were especially interested in the combined effects on P utilization because of the role of P in the eutrophication of lakes and streams. Reported variations in the effects of inulin on P digestibility may be due to differences in not only dietary P content, but also the microbial profi le in the intestinal tract in addition to dietary fi ber content . Although the hindgut microbes have phytase activities, very little P is absorbed in the large intestine, and the P liberated in the hindgut will end up in manure (Selle and Ravindran, 2008) . Indeed, others have also reported that the cecum and colon contribute little to total P absorption (Ajakaiye et al., 2003; Bohlke et al, 2005) . However, Liu et al. (2000) suggested that there is P absorption in the cecum of pigs, which is inversely related to P absorption in the small intestine. Furthermore, Metzler and Mosenthin (2008) indicated that the large intestine is an area where P homeostasis can be regulated, whether by the secretion or absorption of P. Homeostatic regulation of P in the cecum and colon means that the prebiotic effects of inulin could affect P balance by affecting hindgut microbes.
Inulin and phytase could have interacted to positively affect nutrient digestibility because inulin increases phytic acid degradation rate (Lopez et al., 2000) . Yasuda et al. (2006) reported that phytase activity in the jejunum is greater for inulin-fed pigs compared with pigs fed no inulin. The increase in phytase activity may be associated with both Lactobacillus and Bifi dobacteria, which have phytase activity (Haros et al., 2005; Tang et al., 2010) in addition to their fermentative activity. The combined effects of phytase and inulin as microbial substrate in the intestinal tract may result in greater mineral absorption through phytate degradation and increased mineral solubility from reduced luminal pH from VFA produced during fermentation. The combination of phytase and inulin may also have a positive interaction on animal growth and mineral digestibility because of the increased intestinal health.
Phytase and inulin possibly may have interacted in a negative fashion because bacterial incorporation of Ca and P is affected by the amount of dietary Ca and P and fermentable substrate available to intestinal tract microbes . Phosphorus is essential for microbial activities, including fi ber degradation . Phytase increases fecal pH and reduces microbial P incorporation and cellulytic activity. These results indicate that P may limit microbial metabolic activity when phytase is added to the diets . Total fecal bacterial counts tend to decline with phytase supplementation (Metzler-Zebeli et al., 2010) . Therefore, if inulin alone had increased P digestibility, phytase may have counteracted these effects.
With the possible exception of bone ash, there was little evidence in our experiment that inulin affected mineral digestibility or tissue mineral content. In previous rat studies, the addition of inulin and FOS were reported to increase the absorption of Ca, Mg, Cu, Fe, Mn, and Zn (Ohta et al., 1995 (Ohta et al., , 1998 Lopez et al., 2000; Coudray et al., 2006) . The mechanism for these effects may involve increased expression of the Ca-binding protein, calbindin-D9k (Ohta et al., 1995) , a reduction in the inhibitory effects of phytate on cation utilization (Lopez et al., 2000) , or an increase in VFA production (Coudray et al., 2006) . Dietary inulin can also increase Fe absorption in pigs (Branner et al., 2004; Yasuda et al., 2006; Tako et al., 2008) .
The reported effects of inulin on P utilization have been variable with studies, demonstrating both positive and negative effects on mineral balance over several species (Scholz-Ahrens and Schrezenmeir, 2007) . In pigs, Rideout and Fan (2004) observed that inulin decreased urine P losses but did not affect fecal P loss or Ca digestibility. Varley et al. (2010) reported that inulin did not affect urinary or fecal losses of Ca or P. Vanhoof and De Schrijver (1996) observed that dietary inclusion of 6% inulin in conventional diets tended to decrease Ca and P absorption at the distal end of the ileum and over the entire gastrointestinal tract, but tended to increase Zn absorption in pigs. However, Vanhoof and De Schrijver (1996) removed the cecum to insert a cannula, which could have confounded the data because the cecum appears to be the main site of inulin fermentation (Yasuda et al., 2007) and a possible site for P regulation . Yasuda et al. (2006) reported that, after a Fedepletion period, hemoglobin concentrations linearly increased with dietary inclusion of inulin up to 4% after 5 to 6 wk. The increase in hemoglobin concentrations may be explained by an increase in RNA expression of the intestinal divalent metal transporter-1 (DMT-1), duodenal cytochrome b, ferroportin, ferritin, and transferrin receptor in the duodenum and the RNA expression of DMT-1, transferrin receptor, and ferritin in the colon of inulin-fed pigs (Tako et al., 2008) . Blachier et al. (2007) reported that the colon participates in Fe absorption (14% of duodenal absorption) and expresses DMT-1, ferritin, and ferroportin proteins. Alternatively, Patterson et al. (2009) demonstrated that inulin did not participate in Fe metabolism. Patterson et al. (2009) reported that minimal Fe absorption occurred in the colon in inulin-fed pigs with the small intestine accounting for more than 95% of Fe absorption.
The stimulus for the increasing expression of iontransporting proteins is unknown. Butyric acid has been suggested to stimulate calbindin-D9k (Ohta et al., 1995) and proteins involved in Fe metabolism (Tako, 2008) . Because inulin also increases the mass in the colon, it has been suggested that the increased surface area of the colon, plus increased mineral solubility due to increased VFA production (i.e., lower pH), may result in increased passive mineral absorption in inulin-fed animals (Lopez et al., 2000) . Although several researchers have observed that inulin decreased intestinal tract pH (Wolf et al., 1998; Lopez et al., 2000) , others have observed no difference in pH between pigs fed inulin and pigs not fed inulin (Vanhoof and De Schrijver, 1996; Yasuda, 2006; Varley et al., 2010) .
Unlike research conducted with rats, we did not fi nd evidence that inulin increases mineral absorption in pigs. Inulin had no positive effect on growth performance or mineral utilization. In fact, inulin resulted in decreased Ca and S digestibility in growing pigs. Also in pigs, Vanhoof and De Schrijver (1996) and Varley et al. (2010) reported that neither ash digestibility nor bone ash was affected by dietary inulin inclusion. Although we demonstrated that inulin decreased S digestibility, it has previously been reported that inulin reduces the amount of sulfi de in the colon digesta of pigs (Yasuda et al., 2006) . Sulfur can be lost as volatile compounds, and microbial fermentation could possibly affect volatile S loss during sample collection and processing. Yasuda et al. (2006) also reported that inulin did not affect growth performance of pigs.
Phytase is an enzyme that is commonly used in swine diets because it hydrolyzes phytate to release phytatebound P (Knowlton et al., 2004) . Phytate (phytic acid or myo-inositol hexakisphosphate) is an inositol sugar residue with 6 phosphate groups. Pigs poorly degrade phytate, which means that phytate P is mostly unavailable for absorption. Kemme et al. (1997) demonstrated that phytase added to the diet increased P availability in all age groups of swine. Harper et al. (1997) demonstrated that phytase increased P digestibility, bone ash, and growth performance. Lei et al. (1993) also observed that phytase increased P retention and growth performance. Phytase may also enhance the digestibility of cations (e.g., Ca, Na, K, Mg, Cu, and Zn), DM, and CP (Ferket et al., 2002; Selle and Ravindran, 2008) . In fact, most of the phytate in grains is present as a complex with Mg and K (Selle and Ravindran, 2008 ).
In the current study, phytase not only improved growth performance of pigs but also increased the digestibility of Ca and P, bone mineralization, and tissue macro-and micromineral deposition. There is little published work on the effect of phytase on mineral tissue deposition. Our work demonstrates that, although phytase did not affect liver P, phytase did increase the total liver content of Mg, Mn, Se, and Zn. However, these increases in tissue mineral contents are accompanied by increases in liver and pig weights. In addition to the mineral composition of the liver, phytase increased the concentration of Zn in the liver, Zn and Mn in the heart, and Mg and Mn in the kidney. Although phytase increased P digestibility and percent of bone ash, it did not increase liver, heart, or kidney content of P. However, these tissues are not primary storage sites of P.
In conclusion, inulin as a constituent of conventional diets did not appear to affect the mineral status or growth performance of weanling pigs. Phytase increased growth performance and the digestibility and deposition of Ca, P, and trace minerals. Inulin and phytase in combination did not affect piglet growth or mineral status beyond the effects of phytase alone.
